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摘  要 
目的  探讨 p38 信号通路对体外培养的角膜缘干细胞和皮肤上皮干细胞增殖及
分化的影响。 
方法  小鼠角膜缘干细胞系 TKE2 用 KSFM 培养基培养，人的皮肤上皮干细胞
以 3T3 作滋养层用 SHEM 培养基体外培养。人角膜缘和皮肤组织用 OCT 包埋并
冰冻切片后进行免疫染色。通过慢病毒诱导的方法，活化或抑制 TKE2 细胞和人
皮肤上皮干细胞中 p38 信号通路的活性，并通过免疫印迹分析、免疫荧光染色，
结合结晶紫染色和 MTT 检测等方法，检测 p38 信号通路的活性及干细胞标志物
的表达水平的变化。 
结果  在正常人的皮肤及角膜组织中，p38 信号通路在人皮肤和角膜缘上皮表层
部位活性较强。干细胞标记物 p63、增值性指标 Ki67 及增殖相关角蛋白 K14、




中 p63、K14、K16 表达量增加，同时 Notch 信号通路受体 Notch1 和下游基因
Hes1 表达量也有所增加。 






















Objective  To investigate the effect of p38 MAPK signaling pathway on the 
proliferation and differentiation of corneal limbal and skin epithelial stem cells. 
Methods  Mouse corneal limbal progenitor cell line TKE2 were cultured in KSFM. 
Human skin epithelial stem cells were cultured in SHEM on 3T3 feeder layers. 
Human limbal and skin tissues were embedded in OCT and cryosections were used 
for immunostaining. Upregulate or downregulate the activation of p38 MAPK 
signaling pathway through the transfection of Lentivirus on corneal limbal and skin 
epithelial stem cells. Western blot, immunofluorescence staining, crystal violet 
staining, and MTT analysis were performed to detect the activation of p38 MAPK 
pathway and expression of stem cell markers. 
Results  The p38 MAPK pathway was activated in the superficial layers of human 
dermal and corneal limbal epithelium. p63, Ki67, keratin 14 and keratin 16 were 
mainly expressed in the basal layer of dermal and limbal epithelium. The terminal 
differentiation markers K10 and K12, were expressed in the superficial layers of skin 
and corneal epithelium, respectively. The down stream of Notch pathway, Hes1, was 
expressed in the basal layer while it was weakly expressed in the surface layer of 
dermal and limbal epithelium. Downregulation of p38 MAPK pathway in human 
corneal and skin epithelial stem cells can significantly improve the colony forming 
efficiency and colony size, and increase the expression of p63, K14 and K16, the 
expression of Notch1 and Hes1 was also increased. 
Conclusion  p38 MAPK signaling pathway has effect on the proliferation and 
differentiation of limbal epithelial stem cells and skin epithelial stem cells. Inhibition 
of p38 MAPK pathway improves proliferation while inhibits differentiation of limbal 
epithelial and skin epithelial stem cells, and this effect may partially through 
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第一章  绪 论 
1 
第一章  绪 论 




1.1.1  角膜缘干细胞 
角膜上皮覆盖于角膜的最外层，它的再生性是由位于角膜缘部位上皮基底层




































1.2  p38 MAPK 信号传导途径概述 
细胞质的信号转导结构可使每个细胞具有感知细胞外环境的变化并制定




家族包括三种主要的胞质级联：ERK1/2，p38 和 JNK 信号通路。这三个信号
通路涉及最广泛的信号转导网络，并已被证明参与细胞的多种活动，包括分
化，增殖，迁移，凋亡等(Kang et al, 2006)。然而，对于这些激酶在细胞过程中






处环境的改变快速作出反应并相应地改变细胞行为(Johnson et al, 2002)。 
MAPK 是一个磷酸转移系统的一部分，由三个连续被激活的激酶组成，
和它们的底物一样，MAPKs 也被磷酸化调节。MAPK 作为 MAPK 激酶(MKKs)
的磷酸化底物，MKK 催化 MAPK 的磷酸化激活并增加其催化底物磷酸化的
活性。MAPK 磷酸酶使 MAPK 去磷酸化并回到失活状态。MKKs 在磷酸化特
异的 MAPKs 时具有高度的选择性。MAPK 激酶激酶(MKKKs)是这个磷酸转
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